Psoriatic arthritis (PsA) is an inflammatory arthritis that is estimated to affect approximately 30% of patients with psoriasis. Enthesitis and dactylitis, two hallmarks of PsA, are associated with radiographic peripheral/axial joint damage and severe disease. Clinical symptoms of enthesitis include tenderness, soreness, and pain at entheses on palpation, whereas dactylitis is recognized by swelling of an entire digit that is different from adjacent digits. Both ultrasound and magnetic resonance imaging can be used to diagnose enthesitis and dactylitis, especially in patients in whom symptoms may be difficult to discern. Delayed treatment of PsA can result in irreversible joint damage and reduced quality of life. Thus, it is recommended that dermatologists monitor patients with psoriasis for these two early and important manifestations of PsA.
Introduction
Patients with psoriatic disease commonly present with skin lesions followed by musculoskeletal signs and symptoms [1] . Although dermatologists are familiar with skin lesions of psoriasis, they may not be as familiar with musculoskeletal manifestations of psoriatic arthritis (PsA). Unmet needs in screening, assessing, diagnosing, and treating PsA have been identified [1, 2] . Inflammatory arthritis and the consequent diagnosis of PsA are common in psoriasis, and an estimated 30% of patients with psoriasis may have PsA [1] . Although PsA is typically diagnosed by a rheumatologist, dermatologists should be aware of PsA signs and symptoms because nearly 52% of patients with psoriasis have joint pain (which can also be caused by osteoarthritis and fibromyalgia [centralized pain syndrome]) without a diagnosis of PsA, and the average diagnostic delay for PsA in a combined population of patients with or without psoriasis was 5 years [2, 3] . Additionally, a recent study indicated that arthralgia is a predictor of PsA (hazard ratio [HR] 2.59; p = 0.02) in women with psoriasis [4] .
PsA is a form of spondyloarthritis (SpA) that classically develops in psoriasis [5] , typically between the ages of 30 and 50 years, although it can present at any time [5, 6] . While most patients develop PsA after psoriasis (approximately 10 years later), some develop PsA before or concurrently with psoriasis [6] [7] [8] [9] [10] [11] . PsA manifests as peripheral arthritis, enthesitis, dactylitis, and spondylitis (see Glossary) [5, 12] . Additional manifestations include nail lesions such as onycholysis and dystrophy (psoriatic onychodystrophy), pitting, and hyperkeratosis [5, 12] . Ultimately, PsA can negatively impact quality of life (QoL), functionality, productivity, and morbidity and increase mortality [3, 5, [12] [13] [14] [15] .
from joint pain associated with other rheumatic diseases, such as rheumatoid arthritis (RA) [20, 21] . However, dactylitis is not seen in fibromyalgia or RA [22] [23] [24] , but can occur in gout, sarcoidosis, syphilis, tuberculosis, flexor sheath infections, and sickle cell disease [25] . The presence of enthesitis and dactylitis with additional clinical, laboratory, and imaging assessments can help distinguish PsA from other conditions with similar signs and symptoms [5, 6, 22, 26] .
Because dermatologists refer 23% of patients with PsA for rheumatology evaluation, they have the potential to play an important role in managing PsA [27] . Rheumatologists can then provide specific treatment for arthritis, dactylitis, and enthesitis. Per American Academy of Dermatology guidelines, dermatologists should actively look for PsA manifestations in patients with psoriasis during each patient encounter [5] . Such routine screening is important because most patients with psoriatic disease present to dermatologists long before indications of joint involvement emerge [11, 22, 28] . Early treatment is vital for alleviating symptoms, preventing irreversible structural damage, and maximizing QoL [5, 10, [29] [30] [31] . Even a 6-month delay in PsA diagnosis can adversely affect radiographic and long-term functional outcomes [32] .
This review provides an overview of the pathogenesis, clinical presentation, and treatment of enthesitis and dactylitis, as well as guidance for evaluation and treatment of psoriatic disease.
Pathogenesis of Enthesitis and Dactylitis
Entheses-sites of insertion of tendons, ligaments, fascia, or capsules to bone that are frequently subject to repeated biomechanical stress-are more than just focal attachments and may be important in PsA development [7, [33] [34] [35] . Entheses are anatomically, functionally, and physiologically associated with synovia, and form the 'enthesis organ' or 'synovio-entheseal complex,' which are comprised of soft (e.g. tendon, ligament, and associated fibrocartilage) and hard (e.g. calcified fibrocartilage, and adjacent bone and trabecular network) tissue (Fig. 2 ) [33] [34] [35] . The enthesis organ dissipates stress, which may be a potential triggering mechanism of enthesitis and, ultimately, PsA [33] . According to this theory, biomechanical stress at entheses in a genetically predisposed individual leads to production of cytokines, which enter synovial tissue, leading to an articular inflammatory response [34] . The 'enthesis organ' may also explain the high prevalence of nail psoriasis (80%) in PsA as nails are functionally integrated with distal interphalangeal (DIP) joint entheses [7, [36] [37] [38] [39] [40] [41] . Specifically, the extensor tendon, which is attached to the terminal phalanx, extends distally and connects with Enthesitis and dactylitis ( Fig. 1 ) are periarticular PsA manifestations that can be identified during clinical evaluation, and both are included in the Classification Criteria for Psoriatic Arthritis (CASPAR) as hallmarks of PsA (Table 1 ) [12] ; however, these manifestations are frequently missed by dermatologists and rheumatologists. Enthesitis is present in 35% of patients with PsA, and dactylitis occurs in approximately 50% of patients with PsA [10, [16] [17] [18] . Peripheral enthesitis, dactylitis, or both can be present in isolation for months to years in a small number of patients [19] . Although the differential diagnosis of dactylitis includes several diseases, PsA is a common cause.
Enthesitis can sometimes be difficult to distinguish from extra-articular pain (i.e. tender points) in fibromyalgia and the nail root, making nail fascia an extension of the enthesis (Fig. 3) [33, 42] . On a genetic/biomolecular level, enthesitis is associated with human leukocyte antigen (HLA) haplotype B*27:05-C*01:02 and its two constituent alleles (B*27:05 and C*01:02), and studies have shown that HLA-B27 can misfold and promote increased production of interleukin (IL)-23 [34, 43] . Murine models have highlighted the importance of IL-23 in the development of enthesitis and PsA as IL-23 promotes entheseal inflammation through [44] . Moreover, when IL-23 is exposed to murine entheseal tissue in culture, expression of important pathogenic genes, including IL17a, IL17f, IL22, and bone morphogenic protein 7, are upregulated [44] . Murine models of autoimmune inflammatory arthritis have also demonstrated the importance of the IL-23/IL-17 axis and IL-22 in enthesitis pathogenesis [45] . Additionally, in a murine model of chronic tumor necrosis factor (TNF)-α production, enthesitis was an early disease feature and was dependent on biomechanical strain [46] .
The underlying pathology of dactylitis, (or pan-digital inflammation) is tenosynovitis and peritendinous soft tissue edema, enthesitis, and, less frequently, synovitis [7] . While the genetic/biomolecular pathogenesis of dactylitis is not well understood, dactylitis is known to be associated with the B*27:05-C*01:02 haplotype, in addition to the B*08:01-C*07:01 haplotype [43] . Furthermore, murine models support the role of TNFα, IL-23, and IL-17A in dactylitis. Specifically, in one murine model, IL-23 induced paw swelling, and, in a second model, neutralizing IL-17A abrogated disease symptoms, including dactylitis [44, 47] . Another murine model with increased expression of TNFα, IL-6, and Dickkopf-1 exhibited dactylitis [48] .
Overall, the importance of TNFα and the IL-17/IL-23 axis in PsA, enthesitis, and dactylitis has been validated clinically with biologic agents that neutralize these cytokines. These agents are efficacious in treating PsA broadly, as well as enthesitis and dactylitis more specifically [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] . 
Clinical Features of Enthesitis and Dactylitis
Enthesitis often mimics symptoms associated with mechanical injury [7, 59] . Symptoms include tenderness/soreness/pain at entheses (which may be elicited via palpation) and potential visible signs, such as redness and swelling at insertion sites (Fig. 1a ) [7] . The disease can occur at one or more sites simultaneously, and occurs more often in lower than upper extremities [5, 7, 18] . The plantar fascia and Achilles tendon insertion sites are commonly affected [5, 7, 18] . Enthesitis is frequently identified as the etiopathogenic site of inflammation in SpA in general, and PsA specifically [33] [34] [35] . In 1998, Rothschild et al. [24] defined dactylitis, or 'sausage-shaped digits,' as "uniform swelling such that the soft tissues between the metacarpophalangeal and proximal interphalangeal, proximal and DIP, and/or DIP and digital tuft are diffusely swollen to the extent that the actual joint swelling could no longer be independently recognized." Clinically, dactylitis is recognized by swelling of an entire digit that is different from adjacent digits (Fig. 1b) [35, 60, 61] . Swelling of the synovial sheaths often prevents flexion [60] .
Imaging of Enthesitis and Dactylitis
Conventional radiography, ultrasound (US), and magnetic resonance imaging (MRI) are used to assess PsA and its manifestations, including enthesitis and dactylitis. However, each modality has advantages and disadvantages and is capable of imaging different tissues and abnormalities [34, 62, 63] .
Conventional Radiography
Evidence of enthesitis by conventional radiography include bone cortex irregularities, erosions, entheseal soft tissue calcifications, and new bone formation, whereas signs of dactylitis include soft tissue swelling (Fig. 4a ) [35, 63, 64] . Entheseal bone changes detected with conventional radiography appear relatively late in the disease process [63] . Furthermore, conventional radiography is not ideal for imaging the various tissue compartments affected in dactylitic digits, but can detect soft tissue swelling and underlying bone abnormalities (Fig. 4b) [65].
Magnetic Resonance Imaging
Enthesitis is visualized with MRI as soft tissue inflammatory changes outside the joint capsule, focal thickening, rounded configuration at the insertion site, loss of flattened hypointense appearance, and perientheseal bone marrow edema (Fig. 4c) [34, 66] . Features of dactylitis include synovitis, bone edema, soft tissue edema, and flexor tenosynovitis (Fig. 4d) [67] . Despite advantages over radiographs, detecting peripheral enthesitis and dactylitis can be challenging as the MRI signal can be low in areas of 
Ultrasound Imaging
In general, US is the preferred method to image enthesitis (Fig. 4e) [34, 63, 66] . In 2014, the Outcome Measures in Rheumatology (OMERACT) Ultrasound Task Force proposed hypoechogenicity, increased tendon insertion thickness, calcifications, enthesophytes, erosions, and Doppler activity as 'core elementary lesions' of USdetected enthesitis [69] . Key US components of dactylitis include soft tissue thickening, soft tissue edema, flexor tendon tenosynovitis, and joint synovitis (Fig. 4f ) [62] . Disadvantages of US include screening large lower-limb entheses (because body mass index has a major impact on the entheseal findings at these locations), as well as the inability of US to image within bone [70] [71] [72] . Despite its shortcomings, US has several important advantages, including its ability to image tendons via a dynamic examination, and scan peripheral joints at varied angles [70, 73] . Additionally, US is considered a low-cost imaging procedure [73] .
Evaluation of Enthesitis and Dactylitis
Because PsA onset typically follows that of psoriasis, dermatologists treating patients with psoriasis are in the unique position of detecting enthesitis and dactylitis early in the disease course [8, 28, 37, 39] . During each visit, patients with psoriasis should be evaluated for manifestations of PsA (Fig. 5) . Comprehensive evaluation of the key clinical features of PsA (psoriasis, arthritis, enthesitis, dactylitis, and spondylitis), including assessment of severity of each feature and impact on physical function and QoL, is encouraged [49] . Patients may not understand the link between psoriasis and joint pain; therefore, specific probing questions are generally helpful (Fig. 5) . Screening questionnaires, including the Psoriasis Epidemiology Screening Tool (PEST), Psoriatic Arthritis Screening and Evaluation (PASE) questionnaire, and Toronto Psoriatic Arthritis Screening (ToPAS) questionnaire, may be used to help dermatologists detect early signs and symptoms of PsA [74] [75] [76] [77] .
Patients with PsA who have more actively inflamed joints, have higher body mass index, and are younger are at increased risk for enthesitis [18] . Enthesitis can be assessed by visually inspecting for swelling, and applying a standard palpation approach, in which tenderness, soreness, or pain can usually be elicited [7, 78] . However, while pain may be present because entheseal regions are highly innervated, visible signs of enthesitis are sometimes absent due to the avascular nature of entheses [79] . Diagnosing enthesitis can also be challenging because the characteristic symptoms of fibromyalgia (i.e. chronic widespread pain, particularly pain associated with tender points on digital palpation) overlap with those of SpA and enthesitis [20, 79, 80] . Although fibromyalgia is mostly a diagnosis of exclusion, certain features aid in discerning fibromyalgia from PsA [20, 79] . Patients with fibromyalgia will have pain at non-entheseal sites and do not typically respond to biologic therapy [80] .
Proximal Achilles
Lateral epicondyle humerus Medial condyle femur Dactylitis is clinically more apparent; however, diagnosis may be difficult in patients with early or mild disease [59] . Affected digits are usually noticeably swollen relative to other digits and may have limited range of motion [60] . Patients also tend to exhibit pain along the flexor tendons. In patients with PsA, dactylitis typically has asymmetrical digit presentation, predominates in feet, and often affects multiple digits [35, 60] . Onset can be acute (tender), meaning the digit is red, hot, and tender, or chronic (nontender), meaning the digit is swollen without the acute inflammatory changes or tenderness [35, 81] . Dactylitis is associated with erosive disease and radiologic progression [16] .
In 2016, OMERACT updated the core set of domains for PsA to be assessed in clinical trials [82] . Table 2 Enthesitis outcomes in randomized controlled trials of PsA Efficacy results are presented at week 24 for consistency, and studies with secondary endpoints at other timepoints are indicated in the 'Enthesitis measure' column. All agents are approved for PsA unless otherwise noted. The score range for LEI, MASES, and modified MASES is 0-6, 0-13, and 0-15, respectively BIW twice weekly, IL interleukin, JAK Janus kinase, LEI Leeds Enthesitis Index, MASES Maastricht Ankylosing Spondylitis Enthesitis Score, PDE4 phosphodiesterase-4, PsA psoriatic arthritis, QW once weekly, Q4W every 4 weeks, Q2W every 2 weeks, TNF tumor necrosis factor a Experimental compound in PsA, approved for moderate-to-severe psoriasis Mean improvement in enthesitis from baseline Improvement with adalimumab greater than placebo; statistical significance was not reached (values not presented) Infliximab [54] Presence/absence of enthesopathy in the feet (endpoint not specified)
Percentage of patients with enthesopathy in the feet Infliximab (20%), placebo (37%); p = 0.002
Golimumab [55] Modified MASES (exploratory endpoint)
Median percentage change from baseline Golimumab 50 mg (60%), golimumab 100 mg (67%), placebo (12%); p < 0.001 vs. placebo for both Golimumab (intravenous) [56] LEI (secondary endpoint at week 14)
Mean change from baseline Golimumab 2 mg/kg (− 2.1), placebo (− 1.1); p < 0.001 Etanercept [57] 4-point (secondary endpoint) Efficacy results are presented at week 24 for consistency, and studies with secondary endpoints at other timepoints are indicated in the 'Dactylitis measure' column. All agents are approved for PsA unless otherwise noted. The score range for the dactylitis severity score is 0-20. LDI is determined by the number of tender and swollen digits with a circumference ≥ 10% higher than the contralateral digit according to the LDI basic score BIW twice weekly, IL interleukin, JAK Janus kinase, LDI Leeds Dactylitis Index, PDE4 phosphodiesterase-4, PsA psoriatic arthritis, QW once weekly, Q4W every 4 weeks, Q2W every 2 weeks, TNF tumor necrosis factor a Experimental compound in PsA, approved for moderate-to-severe psoriasis Mean change from baseline Tofacitinib 5 mg (− 6.0), tofacitinib 10 mg (− 6.0)
Musculoskeletal disease activity, including enthesitis, dactylitis, and peripheral joint and spine symptoms, is the first domain, followed by skin activity, fatigue, systemic inflammation, and other measures (i.e. participation in work/social activities, structural damage, and economic cost). Several clinical indices exist for assessment of enthesitis, although only the Leeds Enthesitis Index (LEI) was specifically developed and validated in PsA [83] . For the Maastricht Ankylosing Spondylitis Enthesitis Score (MASES), 13 sites of enthesitis are assessed using a score of 0-13 [84] . For the Spondyloarthritis Research Consortium of Canada (SPARCC) score, 16 sites that were selected based on the most frequent enthesitis sites from Doppler US and MRI studies are assessed using a score of 0-16 [85] . For LEI, tenderness at six sites is evaluated and scored as 0 (nontender) or 1 (tender) [ Fig. 6 ] [61] . Formal training on these scoring systems improves accuracy and is recommended before use in clinical practice [78] . Clinical assessment complemented with imaging can optimally diagnose enthesitis. Few validated tools are available for assessing dactylitis; however, various measures (e.g. Clegg [tender and nontender digits], as well as number and severity of affected digits and tender digits) have been used in clinical trials [83, 86] . The Leeds Dactylitis Index (LDI) is a more objective measure that, using assessment and a dactylometer, evaluates tenderness and digit circumference between dactylitic and contralateral nonaffected digits [61] . A composite measure, the Composite Psoriatic Disease Activity Index (CPDAI), which includes evaluation of joints, skin, enthesitis, dactylitis, and spinal manifestations in PsA, has also been developed [87] .
Treatment of Enthesitis and Dactylitis
While PsA treatment guidelines from the Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) [49] and the European League Against Rheumatism (EULAR) [50] differ from each other in some respects, several points are alike. Common treatment goals are to achieve the lowest possible disease activity across domains; optimize functional status, QoL, and well-being; and prevent structural damage [49, 50] . Additionally, because inflammation impacts long-term joint outcomes, its absence, as well as that of enthesitis and dactylitis, is important [50] . Treatment is also important so that disease-related complications can be avoided or minimized [50] . Because PsA is a heterogeneous disease, treatment decisions should be based on the specific domains affected [49, 50] . Nonsteroidal anti-inflammatory drugs and corticosteroid injections are among the first-line treatments for enthesitis and dactylitis. Additionally, for patients with dactylitis or predominately entheseal manifestations of PsA, early use of agents targeting TNFα (adalimumab, certolizumab pegol, etanercept, infliximab, and golimumab), IL-12/23 (ustekinumab), IL-17A (secukinumab), or phosphodiesterase-4 (apremilast) is recommended by GRAPPA and EULAR in their respective guidelines [49, 50] . Ixekizumab (which targets IL-17A), abatacept (a T-cell inhibitor), and tofacitinib (a Janus kinase inhibitor) were approved for PsA after publication of these guidelines [88] [89] [90] . These agents have demonstrated efficacy for enthesitis and dactylitis (Tables 2 and 3 ).
Conclusions
Enthesitis and dactylitis are hallmarks of PsA. Although they can be challenging to detect, their identification is important for proper diagnosis and management of PsA. PsA with enthesitis and/or dactylitis results in greater disease activity and overall disease burden, poorer functional status, more pain and fatigue, and greater disability than PsA without these features [3, 91, 92] . Enthesitis severity is associated with radiographic peripheral and axial joint damage, and acute dactylitis is associated with greater radiographic damage [16, 93] .
Radiographic progression in early PsA (less than or equal to 2 years from diagnosis) is substantial [94] , and a delay in treatment initiation may result in irreversible joint damage, with subsequent limitations in daily activities, increased disability, and reduced QoL [32] . To minimize the risk of irreversible joint damage and functional limitation, patients with psoriasis should be closely monitored for these two early manifestations of PsA (enthesitis and dactylitis), and receive proper treatment.
Dermatologists can play a key role in the early identification of PsA in psoriasis. Through recognition of early disease manifestations such as enthesitis and dactylitis, dermatologists can initiate treatment with therapies that inhibit radiographic progression, and then refer patients to rheumatologists for collaborative care. sultant for AbbVie, Dermtech, Janssen, Eli Lilly, Myriad, Novartis, Pfizer, Sanofi, Regeneron, and UCB, and has served on the speakers' bureaus for AbbVie, Janssen, Eli Lilly, Novartis, Pfizer, Sanofi, Regeneron, and UCB.
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Glossary
Dactylitis, or 'sausage digit': Uniform swelling such that the soft tissues between the metacarpophalangeal and proximal interphalangeal, proximal and distal interphalangeal, and/or distal interphalangeal joint and digital tuft are diffusely swollen to the extent that the actual joint swelling could no longer be independently recognized.
Enthesis (pl: entheses): Anatomic location where tendon, ligament, fascia, or joint capsule fibers insert into the bone.
Enthesitis: Inflammation of entheses. Enthesopathy: Entheses involvement in any pathologic process (e.g. metabolic, inflammatory, traumatic or degenerative).
Oligoarticular: Affecting less than five joints. Paresthesia: Abnormal sensation such as tingling, tickling, pricking, numbness, or burning of a person's skin with no apparent physical cause.
Periostitis: Inflammation of the periosteum, a layer of connective tissue that surrounds bone.
Peripheral arthritis: Arthritis of large or small joints (e.g. hips, knees, ankles, feet, elbows, wrists, and hands). Polyarticular: Affecting five or more joints. Spondyloarthropathy: Family of chronic diseases of joints that include ankylosing spondylitis, Reiter's syndrome (reactive arthritis), psoriatic arthritis, and joint problems linked to inflammatory bowel disease (enteropathic arthritis). Differs from other types of arthritis because it involves entheses.
Spondylitis: Inflammation of one or more vertebrae of the spine, sacroiliitis, facet arthritis, enthesitis of intervertebral ligaments, and osteitis.
Tenosynovitis: Inflammation of the lining of the sheath that surrounds a tendon.
